Previous research has shown that during recognition of frontal views of faces, the preferred landing positions of eye fixations are either on the nose or the eye region. Can these findings generalize to other facial views and a simpler perceptual task? An eye-tracking experiment investigated categorization of the sex of faces seen in four views. The results revealed a strategy, preferred in all views, which consisted of focusing gaze within an 'infraorbital region' of the face. This region was fixated more in the first than in subsequent fixations. Males anchored gaze lower and more centrally than females.
Introduction
Faces constitute a set of 3D objects which seem to be mentally represented in a holistical way (e.g., Biederman & Kalocsai, 1997; Dailey & Cottrell, 1999; Laeng & Caviness, 2001; O'Toole, Millward, & Anderson, 1988) that is, in a less part-based manner than most objects. Presumably, holistic facial representations develop alongside the human expertise in face recognition (Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999; Sther & Laeng, 2008) . Although visual expertise can result in expert gaze behavior where 'diagnostic' features are prioritized (e.g., Rehder & Hoffman, 2005; Underwood, Chapman, Brocklehurst, Underwood, & Crundall, 2003; cf. Biederman & Shiffrar, 1987) there is reason to believe that both the extreme familiarity with the object class, faces, and its dependence on a template like representation could result in a gaze strategy where the goal is to get as much information as possible with just one fixation (Hsiao & Cottrell, 2008) . That is, from the first glance, gaze might be anchored onto a position which provides a perceptual span that either covers the whole stimulus or that maximizes the area of the object (especially for large displays or very near objects) which is included within the region of high resolution acuity (cf. Hsiao & Cottrell, 2008; Tyler & Chen, 2006) . Interestingly, studies on visual inspection of other shapes than faces have shown that when participants look at an object or a group of objects, the preferred landing position of their fixations occurs near the ''center-of-gravity" (COG) of the display (Coren & Hoenig, 1972; Findlay, 1982; He & Kowler, 1991; Kowler & Blaser, 1995; McGowan, Kowler, Sharma & Chubb,1998; Melcher & Kowler, 1999; Vishwanath & Kowler, 2004; Vishwanath, Kowler, & Feldman, 2000) . The COG of a shape can also be based on its 3D structure (by spatial weighting according to implied depth; Vishwanath & Kowler, 2004) . Nevertheless, most of this work has studied saccades to targets with sudden onset. The COG preference is less obligatory with more voluntary saccadic movements (Findlay & Blythe, 2009; He & Kowler, 1991) as would be the case in face processing.
Studies of fixations on faces have focussed less on the possibility that a similar COG-anchoring mechanism might be operating. The available evidence suggests that overt attention appears to be drawn towards the internal region of the face, particularly towards the eyes (Althoff & Cohen, 1999; Fisher & Cox, 1975; Henderson, Williams, & Falk, 2005; Langdell, 1978; Minut, Mahadevan, Henderson, & Dyer, 2000; Schwarzer, Huber, & Dümmler, 2005; Walker-Smith, Gale, & Findlay, 1977; Yarbus, 1967) . Thus, one could speculate that the eyes might be attended to independently of the task as a side effect of an initial centering of the gaze (Deaner & Platt, 2003; Grosbras, Laird, & Paus, 2005; Kingstone, Tipper, Ristic, & Ngan, 2004) . In other words, fixations on the eye region in a particular task may incorrectly suggest a diagnostic role of this facial region (e.g., Schyns, Bonnar, & Gosselin, 2002) and might just as well reflect 'automatic' anchoring of the gaze (cf. Vinette, Gosselin, & Schyns, 2004) . In fact, Tyler and Chen (2006) provided some improvement in sensitivity, there was no further advantage for the information around the edge of the face (i.e. hair, ears, and jaw).
Most interestingly, recent work by Hsiao and Cottrell (2008) indicates that during recognition of frontal faces, the preferred landing positions for the first two eye fixations is around the center of the nose, slightly biased to the left, and that fixations on the eyes do occur at a later stage (typically after the second fixation). Importantly, Hsiao and Cottrell showed that after these two fixations, performance does not improve, that is, no further information appears to be necessary to perform the identification task. Thus, in previous studies that used a central starting point for eye fixations, it would be unnecessary to fixate centrally during recordings, since recordings would start after the initial informative fixation was already accomplished and the subsequent gaze behavior (towards the eyes) would simply be redundant and would not add information.
One purpose of the present study was to investigate to what extent the findings in Hsiao and Cottrell (2008) can be generalized. On the one hand, central fixations on the nose in frontal views may occur because the nose happens to be in a central position in the facial image. Alternatively, one could argue that the nose (and the face region immediately around it) might be a diagnostic part for face recognition; in this view, anchoring gaze on the nose would constitute an 'optimal viewing position' for several specific face tasks (cf. O'Regan, Lèvy-Schoen, Pynte, & Brugaillère, 1984) . Such a confound between fixations on the nose as merely an anchor point versus as an informationally-rich nexus can be resolved by exploring fixations with the use of other Angles of View than the full face view. Therefore, the face stimuli used in the present experiment were shown in four static views (from full-front to profile).
One additional point is that the findings of Hsiao and Cottrell (2008) might be restricted to the identification task. Face identification is a complex, visual categorization task involving only familiar faces, whereas other face processing tasks can be performed on unfamiliar faces as well. Schyns et al. (2002) , using the ''Bubbles technique", found differing patterns of attended information between three perceptual tasks (identity, expression and sex categorization). In addition, Malcolm, Lanyon, Fugard, and Barton (2008) monitored eye fixations while participants made judgments about the identity or the expression of faces, and found that fixations correlated with regional variations of diagnostic information in the different processing tasks. Finally, we reason that the visual information which is most informative for a complex task might not be the same as the information used in a simpler and more basic task. To investigate this question we used a very simple face processing task, i.e. 'sex categorization', which can be performed also for unfamiliar faces, and which has been little explored with the eye monitoring technique.
Sex categorization can be more efficiently performed than other processing tasks (i.e., in about 613 ms; as opposed to 897 ms for familiarity decisions; Bruce, Ellis, Gibling, & Young, 1987) . ERP studies have shown that the brain potential's latency related to sex categorizations of faces is remarkably fast (i.e., 150 ms; Schendan, Ganis, & Kutas, 1998) . Even with very fast and peripherally located exposures (26-75 ms) accuracy of sex decisions is surprisingly good (O'Toole, Peterson, & Deffenbacher, 1996; Reddy, Wilken, & Koch, 2004; Sergent & Hellige, 1986) . In addition, neuroimaging studies reveal that areas of the brain activated by sex categorizations of faces are more posterior than those activated by identifying the same faces (Sergent, Ohta, & MacDonald, 1992) which in turn suggests that such information may be processed early within the visual pathways.
It might be that even in this simple sex categorization task, the most dimorphic anatomical difference would correspond to the part of the face attended to first. Current knowledge of sex differences in face morphology strongly suggests that the most sexuallydimorphic facial trait is indeed the nose (Bruce & Young, 1998; Burton, Bruce, & Dench, 1993; Enlow, 1982 Enlow, , 1990 cf. O'oole, Vetter, Troje, & Bülthoff, 1997) . If so, we can draw some straightforward predictions about the locus of eye fixations and their priority in a sex categorization task: (1) if gaze anchors itself onto the most diagnostic part of the face, then the nose should be attended to in the first fixation regardless of facial pose (indeed, in the 3 = 4 and profile poses, one could expect more fixations on the nose, since visibility of its size and shape would seem optimal in these perspectives; Chronicle et al., 1995) . This could be interpreted as a viewing position that optimally reveals information diagnostic to the task. (2) If gaze anchors itself onto a central position of the image, the nose should be fixated preferentially in frontal views and decreasingly so for views increasingly distant from frontal closeups. This would indicate the existence of a preferred landing position that optimizes the visual inspection (foveally and parafoveally) of the face as a whole.
However, it is likely that the perceptual process may not be that straightforward. That is, several dimorphic parts (e.g., the zygomatic protrusion; Ikeda, Nakamura, & Itoh, 1999) or their segments might contribute in parallel, and perhaps equally, to the decision (cf. Bruce et al., 1993; Burton et al., 1993) . Also, the diagnostic value of the parts may not depend on their dimorphic value alone, but may be influenced by perceptual variables (e.g., small parts, or ambiguous parts, like a feminine-looking male nose, might need foveal vision, and relative size might need to be computed in a context, by a scan path). Some of these secondary diagnostic cues might influence eye fixations subsequent to the first fixation. One might think that an 'intelligent' strategy could be to anchor gaze onto an intermediate position between two or more highly diagnostic parts (especially if the viewing conditions allow them to be included within a visual angle of maximal visual acuity). Moreover, it may be sufficient to view 'large' diagnostic parts outside of the foveal-and the parafoveal area, where low frequencies might provide enough dimorphic information for sex categorizations (Schyns et al., 2002; Valentin, Abdi, Edelman, & O'Toole, 1997) . In fact, if few or none of the dimorphic regions are in need of foveal or central vision, it would be possible and economical to gather information from more than one part in one glance.
Current theories of gaze control and oculomotor strategies have abandoned the idea that the choice of gaze location occurs at random (e.g., Kundel, Nodine, Thickman, & Toto, 1987) and recognize the influence of both stimulus factors (Itti & Koch, 2000) and expectations (Land & McLeod, 2000; Malcolm et al., 2008; Torralba, Oliva, Castlhano, & Henderson, 2006; Turano, Geruschat, & Baker, 2003; Wolfe, Cave, & Franzel, 1989) . Thus, the present study provides an opportunity to establish whether scanning of a face during a sex categorization task follows a specific and replicable pattern, and also whether any of the sexually-dimorphic Facial Parts are prioritized in the oculomotor behavior of the viewer. In particular, by presenting faces in different views we have an opportunity to assess whether the gaze targets dimorphic parts or perhaps segments that may not correspond to 'parts' that have verbal labels. Alternatively, gaze may always target the image's COG so as to favor the holistic processing of the face. Thus, eye movements of a group of participants, performing a sex categorization task, on stimuli shown in four Angles of View, were monitored by use of an infrared eye-tracker.
Finally, fixational analysis methods (on the basis of a priori and a posteriori defined parts) were compared in the present study so as to guide future eye-tracking investigations of face stimuli. Specifically, a common problem has been that some a priori knowledge about what portion of the facial surface counts as a part is assumed before analyses are completed Valentin et al., 1997) . Several computational studies have however derived macro parts a posteriori from faces learned by classification networks (e.g., Abdi, Valentin, Edelman, & O'Toole, 1995; Cottrell & Flemming, 1990; Golomb, Lawrence, & Sejnowski, 1991; Gray, Lawrence, Golomb & Sejnowski,1995; O'Toole et al., 1997; O'Toole et al., 1998) . Thus, in the present experiment these two methods of parsing will be compared.
Methods

Participants
The participants were 49 naive students (25 females). All participants (mean age = 26.7, SD = 7.0) had normal, or corrected to normal vision by the use of contact lenses.
Stimulus and apparatus
The stimuli used in this experiment consisted of 96 color photos of 24 unfamiliar faces (12 female, 12 male) of young Caucasian students, randomly presented in four different viewing angles (frontal = 00°, intermediate = 22.5°, three-quarter = 45°and profile = 90°angles as seen from the viewer). The 22.5°angle view was included as this has been shown to be more diagnostic than the 45°angle view (Laeng & Rouw, 2001; cf. Blanz, Tarr, & Bühltoff, 1999) .
The models were all asked to assume a neutral expression when photographed. The images, including hair, were unaltered so as to keep the visual stimuli as natural as possible. Half of the images shown in angles other than the frontal were oriented towards the left, and the other half towards the right side of the screen. Each model's head (including hair) subtended an average visual angle of 14°(vertical dimension; min 13°-max 15°). However, the face alone (i.e., the internal 'mask' from eyebrows to mouth) subtended an average visual angle of 6°.
The experimental editor was SuperLab Ò Pro 1.04, and eye movements were registered by the monocular ''Remote Eye-Tracking Device" or RED, built by SensoMotoric Instruments Ò (SMI, Teltow, Germany). The initial analysis of the recordings was computed by the software iView Ó version 3.0 from SMI. The RED employs the contrast technique, which determines the center between two coordinates, by tracking the position of the pupil and the reflection of the cornea. The tracking device can operate at a distance of 60-80 cm and the recording eye-tracking sample rate is 50 Hz, with a tracking resolution of 0.1°(as specified by the manufacturer; http://www.smivision.com/en/gaze-eye-tracking-systems/products/iview-x-red-red250.html).
Procedure
Participants were seated in front of the monitor, with their heads stabilized by a headstand to maintain a constant distance of 73 cm. A calibration procedure on a 3 Â 3 regularly spaced matrix was performed for each participant. Participants were asked to discriminate between female and male faces by pressing one of two keys (labelled $ or #) as quickly as possible. Before starting the experiment a practice set of six pictures was presented. Before each stimulus, a fixation point was presented for 1500 ms. Each fixation cross was positioned 7.85°away from the stimulus' center to force eye movements to start exploring the face from a position external to it. The cross had to be fixated before each recording started. Each stimulus remained on the monitor until the participant made a response.
Analysis procedure
Fixations outside the face were not included in the 'center-ofgravity' or the 'a priori' analysis. A fixation was defined as focus on an area of 60 screen points (the whole screen being 800 Â 600 points) for more than 150 ms. According to Reichle, Rayner, and Pollatsek (2003) , duration is related to the difficulty involved in the processing task and can vary between 100-400 ms. The constraint was chosen on the basis of sex categorization being an efficient task, and this definition resulted in only 1.97% of trials without fixations on the face.
Computation of the 'center-of-gravity'
The 2D center-of-gravity (COG) was computed through a MAT-LAB Ò program that computed the centroid of each stimulus face taken as a plane region of uniform density. The centroid was computed through the MATLAB Ò function regionprops.
Natural parts 'a priori' parsing
For the a priori analyses of fixations, we counted each separate fixation on the major parts of the face as identified by colloquial speech (i.e.: hair, forehead, brows, eyes, nose, cheeks, mouth, chin/jaw and ears). Note that, instead of choosing a few specific areas of interest, we parsed the whole facial image into its major anatomical parts. This parsing was based on the major bone and muscle structures in the face (Putz & Pabst, 2001 ). The parts' boundaries were then adjusted to each face and to all four views of the faces.
Coordinate grid 'a priori' parsing
The coordinate grid parsing consisted of 80 parts, based on a grid that was finer in the internal, than the external, region of the face. The frontal internal region of the face was thereby divided into 68 approximately equally sized parts. In other views than the frontal, fewer than 80 segments were visible. The number of segments did change slightly from face to face, as some segments, in some faces, would be occluded by other segments or parts. However, the numbering system still remained the same. A MATLAB Ò program recognized the parts in the grid in the analysis.
A posteriori analysis
For the a posteriori analysis of fixations we developed a Linux based, Interactive Image Spreadsheet program written in C++ (Stroustrup, 2000) and Qt (http://www.trolltech.com/products/qt/ index.html). As Facial Parts differ in size, shape and position between faces, the program normalized each face by morphing it with all other faces (in the same angle) in order to create a prototype face, as well as a prototype female and a prototype male face. Because all of the face stimuli, except the full face, were either oriented towards the left or the right side of the screen, the faces were first turned towards the left side. All faces were then morphed to the prototypes, and these were then added, to make sure that no face was more heavily weighted than others. Sixty-six morphing points were used, and most points were positioned within the face itself. The program's next step was to morph the eye movement data using the same technique and the same morphing points in order to create a heat map/spotlight image of the most frequent fixated facial areas. These images were created by representing each point in the eye-tracking path with a patch of the same size as the fovea (23 pixels in diameter) and plot the resulting map onto the morphed facial images. The morphed prototypes were then normalized such that the maximum signal was 1 and the lowest signal was 0. A cut-off value of 5% was used to remove areas that were of no significance.
Results
Accuracy
Participants' sex categorizations were on average 98.75% correct. There were no significant differences between face views. Male and female participants did equally well in this task, but both sexes made more mistakes when categorizing male than female models (F(1, 47) = 4.91, p = 0.03). This difference was caused by one male model (judged as 'low in masculinity' by 10 independent viewers) that triggered 0.31 of the 1.25% mistakes. The remaining 0.93% errors indicated no pattern, and can most likely be considered erroneous key presses. Despite the near-to-ceiling performance, the few erroneous trials were removed from the data.
RTs
The mean response time (RT) was 715 ms, SD = 155 (frontal view: 726 ms, SD = 162; intermediate view: 700 ms, SD = 136; three-quarter view: 713 ms, SD = 152; profile view: 722 ms, SD = 153). A repeated-measures ANOVA with four Angles of View (00°, 22.5°, 45°, 90°) Â two Sex of Model (female, male) as the within-participant factors, and two sex of participant (female, male) as the betweenparticipants factor, measured participants response time. Results showed a main effect of View, F(3, 141) = 5.9, p = 0.0008. Post-hoc tests revealed that, when judging the Sex of faces, participants were significantly faster with the intermediate view (22.5°) than when seeing frontal and profile views. There were no other significant effects, and there was no relationship between response time and the eye movement patterns.
Percent dwell time in the 'center-of-gravity'
An analysis of the time participants focused on the center-ofgravity (within 2°of visual angle, corresponding to the size of the fovea) was computed in order to check: (1) whether eye fixations simply have a tendency to select a central point of gaze, and (2) whether such centered focusing was as preferred when a dimorphic part was positioned in the center as when no such part were present in the center-of-gravity (e.g. ear in profile view). The computation was done on the head, excluding the neck, as the head may be considered a natural part or independent object with respect to the rest of the body. The head is separated from the neck by geometrical properties based on concavities/convexities, as suggested by several models of object processing (e.g., Hoffman & Richards, 1985) .
A repeated-measures ANOVA with four Angle of View (00°, 22.5°, 45°, 90°) Â two Sex of Model (female, male) as the withinparticipant factors and two sex of participant (female, male) as the between-participants factor, measured the percentage of time that participants' gaze was within 2°of the COG during each trial. The results revealed that the gaze was on or near the COG 22. 
. Distribution of fixations
First, the mean number of fixations during a trial (1.87; SD = 0.39) was calculated. In order to compare the face views directly, the two sides of the frontal face were collapsed, and the percentage of fixations within each view and for each of the a priori defined parts was calculated. Fixation frequency was then subjected to a repeated-measures ANOVA with nine Facial Parts (hair, forehead, brows, eyes, nose, cheeks, mouth, chin/jaw and ears) Â four view (00°, 22.5°, 45°, 90°) Â two Sex of Model (female, male) as the within-participant factors, and two sex of participant (female, male) as the between-subject factor. The analysis revealed a highly significant main effect of Facial Parts (F(8, 376) = 33.99, p < 0.0001), as eyes (mean = 27.4%, SD = 18.7) and nose (mean = 23.8%, SD = 12.5), followed by cheeks (mean = 19.5%, SD = 13.6) elicited significantly more (70.7%) fixations than other parts. Post-hoc comparisons (Fisher's PLSD; p = 0.11) showed no significant differences between eyes, nose and cheeks. In other words, observers looked repeatedly on the central area of the face (eyes + nose + cheek).
However, an interaction with View (F(24, 1128) = 26.83, p = 0.0001; Fig. 1 ) revealed that the nose was most attended to in frontal views (nose to eye: p = 0.15, eye to cheek: p < 0.0001, t(48) = 4.3) and gradually less attended to as the head turned. The opposite pattern was found for attention towards the cheeks, with more attention in profile (cheeks vs. eyes; p = 0.0009, t(48) = 3.54). In other words, the central area of the face that was specific to each view was the preferentially-attended target. Additionally, the eye region was highly attended, regardless of view.
The effect of Parts was also influenced by sex of participant, F(8, 376) = 2.9, p = 0.003. Specifically, while both sexes attended more towards the eyes, women looked significantly more on the eyes than other parts, and more on the brows than men did, whereas men attended more towards the nose and cheeks than women. There was also a three ways interaction between Facial Parts, Participants' Sex and Angle of View F(24, 1128) = 2.7, p < 0.0001. This revealed that women looked overall more at eyes, whereas men looked at noses in frontal view and cheeks in profile (male participants: frontal view: nose to eye: p = 0.018; nose to cheek: p < 0.0001; profile: cheek to eye: p < 0.0001; cheek to nose: p < 0.0001). In other words, males attended more towards the view-specific center-of-gravity, whereas females attended more towards the eyes, regardless of the view.
Order of Fixations
In order to assess whether the initial fixations were positioned more centrally than the subsequent fixations, an analysis of Order of Fixations was performed. As above, a repeated-measures ANOVA was performed, with the additional within-participant factor of Order of Fixations (first, second and third fixation). The results showed a trivial main effect of Order of Fixations (F(2, 94) = 877.1, p < 0.0001) with more first fixations and less third fixations.
There was a significant interaction between Order of Fixations and Facial Parts (F(16, 752) = 16.3, p < 0.0001) that revealed a preferential looking towards eyes, nose and cheek in the first and second fixation (see Fig. 2 ). The pattern of the first and second fixation was almost identical except for gaze on cheeks (t = 9.2, p < 0.0001) and hair (t = 5.7, p < 0.0001) where the distance between first and second fixation was larger than for the other parts. By the third fixation, preferential fixating towards specific parts was not present to any notable extent.
Furthermore, there was a significant three way interaction between Angle, Facial Parts and Order of Fixation (F(48, 2256) = 9.1, p < 0.0001) which showed that the central parts of the face in each view (e.g. nose in front, eyes/cheek in intermediate view, eyes/ cheek in three-quarter view, and cheek/hair in profile) were fixated more in the first fixation than in the subsequent fixations (see Fig. 2 ).
Analysis based on coordinate grid a priori parsing
Percentage of dwell time
The natural, but coarse part-based analysis could not provide information according to whether there were specific locations within each part that actually captured the participants' attention. Also, the time span of the fixations and the size of the areas were not accounted for. We therefore measured the percentage of time the gaze dwelled within each small segment of a finer-grid, in each of the two extreme views (front and profile) and corrected for size of segment. A 'heat diagram' of this analysis is illustrated in Fig. 3 . Dark blue represents 0% dwell time and dark red approximately 5% dwell time in the frontal view, and approximately 9.5% dwell time in profile view.
The analysis in terms of dwell time distributions principally resembled those of the fixation distribution analysis. Differences could be accounted for by the use of a normalized measure, as well as the inclusion of fixation pauses in the dwell time distribution, but not in the distribution-of-fixation analysis. Specifically, the main effect of Facial Parts was confirmed (F(8, 368) = 340.58, p < 0.0001) but with more attention towards the nose (29.65%, SD = 13.5) followed by the eyes (24.32%, SD = 6.86) and the cheek (24.32%, SD = 13.04). The interactive effect between Facial Parts and View (F(8, 368) = 69.94, p < 0.0001) was also confirmed.
As the dwell time distribution depended upon the exact choice of segments included within each part, an analysis over all central segments was also run. A repeated-measures ANOVA with 25 segments (five nose segments, Nos. 1-5 in Fig. 3 ; nine eye segments, Nos. 6-14; and 11 cheek segments, Nos. 15-25) Â two Views (frontal and profile) showed a main effect of segments (F(24, 1104) = 33.50, p < 0.0001) with significantly more dwell time overall on the segment between the eye and the nose (infraorbital margin, segment No. 15) than any other segment (mean = 7.14, SD = 3.84). This was mainly caused by the fact that this segment was one of the few highly attended segments that was visible in both views.
An interaction between Segments and View (F(24, 1104) = 54.28, p < 0.0001) was more informative according to specific locations within each attended facial part. Table 1 presents the means of the most attended segments in both presented Angles of View. In frontal view the overall most attended segments was the two lower nasal eye segments (No. 12 and No. 9 ). In profile presentations the eye dwelled longer on the lower central eye segment (No. 13). These two most attended eye segments (No. 12 in the full face, and No. 13 in profile) did not differ significantly, and they actually constituted the same segment when the face was turned, as the lower central eye concealed the lower nasal eye in profile. Therefore a collapsed segment, representing the lower nasal eye in both views, was compared to the infraorbital margin (No. 15). A main effect (F(1, 47) = 9.67, p = 0.003) showed that the collapsed lower nasal eye segment was significantly more attended to than the infraorbital margin. To conclude, in frontal views participants paid most attention towards the lower nasal eye and an area between the eyes and the nose. In profile, attention was directed between the eye, the cheek and the nose. This would seem to constitute a preferred infraorbital region of the face, but biased towards the eye.
A posteriori analysis of eye movements
The value of the previous analysis might be dependent upon the level of resolution, shape and number of segments used in the 'a priori' analysis design. As such, it may also, to some extent, be based on arbitrary decisions. In this section we present a novel way of analysing eye movement data which we label a posteriori eye movement analysis. A computer program, described in the method section (Analysis Procedure) created a prototypical stimulus face (morph) which was overlaid by a 'heat map'. In other words, the eye itself was used, metaphorically, as a 'paintbrush' (see Fig. 4 ) or alternatively as an 'incremental spotlight' (see Fig. 5 ), both illustrating the most frequent viewed locations of the direction of gaze over the whole facial area. As can be appreciated by inspecting these Figures, these displays are very consistent with the findings based on the finegrained a priori part analysis, previously described. However, the present a posteriori analysis gives a more veridical (point by point) picture of the participants' direction of gaze. An even finer-grained analysis grid than the one we used, might yet display the same results as an a posteriori analysis would. Fig. 4 presents the probability distribution function that we obtained by plotting the eye-track positions on a prototypical face. The scale ranges from the area most likely to be attended (red) to the area least likely to be attended (blue), and the maximum and minimum probability densities for each analysis representation are included in the heat scales of the figure. It can be determined that red is 20 times more probable than blue, two times more probable than green and 1.3 times the probability of yellow. Likewise, yellow is 15.2 times more probable than blue; green is 10.4 times more probable than blue and cyan is 5.6 times more probable than blue.
As Fig. 4 illustrates, only the central (colored) area of the face actually corresponded to an attended area. In addition the figure shows that the facial area that received most fixations (red) was located below the pupil, and in all cases towards the central meridian, specifically the infraorbital area of the face. Notably, the most attended area appears to be more directed towards the center of the face in the present analysis than in the fine-grained a priori analysis. The os nasale (the nasal bone) and lateral cartilage (nasal bridge) were captured by these high levels of attention in all views, whereas the zygomatic area was more attended to in profile view. The alar cartilage (lower part of the nose) and the upper regio oralis (beneath the nose) was attended to in frontal view. The surrounding central area was much less attended (blue). In the intermediate Fig. 4 . Heat diagrams of the most attended areas (a posteriori analysed) over a morphed face in four different views (00°, 22.5°, 45°and 90°). The left column shows where all participants placed their overt attention. The attention patterns of female participants (middle column) and male participants (right column) were significantly different from each other. The scale ranges from the area most likely to be attended (red) to the area least likely to be attended (blue). These maps can be viewed as probability density functions, and the maximum and minimum probability for each analysis is included in the heat scales. The green circle illustrates 2°of visual angle, corresponding to the fovea. The left-turned morphs serve only as a consistent illustration, as in the experiment the stimuli faced the left equally often as the right.
(22.5°) view, where participants were faster in responding, attention appeared to be mostly directed or biased towards one eye (the closest of the eyes) followed by the nasal bridge and zygomatic area.
The overall strategies of male and female participants differed slightly as males focused their visual attention a bit lower, and more towards the center than females did (p < 0.004). Specifically, males offered more attention towards the nasal area in all angles except in profile. Conversely, males attended more towards the cheek area (regio infaorbitalis and buccalis) than females in all angles except in frontal presentations. In other words, males attended more towards the view-specific center-of-gravity, whereas females attended more towards the eyes, regardless of the view. Fig. 5 illustrates the same findings, but with undisguised facial features. In this illustration only the illuminated area of the face corresponds markedly to the direction of the gaze. The illustrations can be described as 'spotlight' versions of the probability density functions of Fig. 4 . The maximum and minimum probability for each analysis, included in the heat scales of Fig. 4 , corresponds to the brightest and darkest degree of illumination in Fig. 5 . Here, the brightest areas represent the regions that were mostly attended (corresponding to dark red in Fig. 4 ) and the dark gray areas represent the least attended areas (corresponding to dark blue in Fig. 4) . Black, on the other hand, represents areas with less than 0.05 likelihood of being attended, corresponding to non-colored areas in the heat maps. The results indicate that it could be suffi- Fig. 5 . Facial areas that participants overtly attended when looking at female (left) or male (right) faces. These images can be described as ''spotlight" versions of the probability density functions in Fig. 4 . Here, black areas indicate regions of the image where gaze was directed with less than 0.05 probability. The brightest areas represent the regions that were most probable to be attended (analogous to dark red in the heat maps) and the darkest of the illuminated areas represent the minimum probability for each analysis (corresponding to dark blue in the heat maps). The left face is a morph of 12 females, and the right face is a morph of 12 males. The morphs only serve the present illustration and were never shown in the experiment. cient to focus within these illuminated face areas to solve the sex categorization task efficiently, although the remaining face areas might also contribute peripherally.
Discussion
The internal parts of the face (eyes, nose and cheeks) were overtly attended to more than the rest of the face, and this occurred in all views. Both the distribution and the duration of the fixations showed that the relative importance of these parts depended upon Angle of View, indicating that visual attention predominantly targeted a preferred infraorbital region of the face in addition to the eyes. A finer-grid parsing, and an a posteriori analysis, revealed that the most attended segments within the central areas and the eye area were adjacent to each other. Thus, the center of the most attended area for frontal presentations was located between the nose and the eye (infraorbital margin), and in profile presentations between the eye and the zygomatic bone (infraorbital foramen). The three-quarter views (22.5°and 45°) confirmed the pattern that the most attended area in all views was infraorbital. This was particularly true for the first fixation, as central areas were progressively less attended to resulting in less preferential fixating towards specific parts in the second and third fixations. Males used the 'central' strategy to a higher degree and with less weight on the eyes, than females.
The results of Hsiao and Cottrell (2008) indicated that people fixate the center of the nose in frontal views when recognizing a face. Correspondingly, Tyler and Chen (2006) identified a region centered at the nose bridge in the full face as a zone of specialized perceptual processing in a forced choice detection paradigm. One could expect the same to be true for sex categorizations of frontal faces based on the consensual notion that faces are perceived holistically or at least with less parsing than for other objects. Following this train of thought, fixations would be expected to land centrally in other perspectives as well instead of landing consistently in a position close the nose. The present results partially support these expectations, since a 'central' position was attended more than the nose in three-quarter views and even in profile views.
Previous research has emphasized the diagnostic value of the eye region (Althoff & Cohen, 1999; Henderson et al., 2005; Minut et al., 2000) . However, attention towards the eyes may be interpreted as a strategy of bringing a small, diagnostic central region of the face into focus, while larger parts can be viewed parafoveally. The present study also found eye fixations in frontally viewed faces, but these were shown to be on the nasal eye segment, in agreement with Schyns et al. (2002) using the Bubbles technique. This finding may support an interpretation which states that eye attention not only indicates the eyes' diagnostic value, but also functions as a central landmark from which the larger dimorphic nasal area can be viewed parafoveally. Hsiao and Cottrell (2008) observed that eyes were only fixated in the third fixation in full faces and that performance did not improve after the second fixation. In the present study eyes were attended as much as noses in the second, but not in the first, fixation in full faces. This could have been caused by the change of task, as sex categorization decisions are simpler and more efficiently performed than identity decisions (Bruce et al., 1987; Schendan et al., 1998) . In addition, for intermediate and 3 = 4 Angles of View, the most attended parts in the first fixation were eyes and cheeks, whereas cheeks were more attended to in the first fixation on profile faces. This finding again indicates the use of a central fixation strategy.
The main finding in the present study was the increased attention towards the infraorbital areas in all views. This can be interpreted as a gaze strategy that selects a central 'anchor point' which is biased towards an intermediate position between the eye and the nose in front, and gradually more between the eye, nose and cheek as the head turns. An important remark to make is that the observed center of overt attention (infraorbital areas) in the present study was not a sexually dimorphic part in itself. In fact, it has been proposed that the largest anatomical sexual dimorphism in the human face is represented by the protuberance of the nose Enlow, 1982; Enlow, 1990; O'Toole et al., 1997) . Crucially, we assumed that sexually dimorphic information would be more visible in other views than the frontal, which however resulted in lower levels of fixation (e.g. the nasal bridge is more visible in profile, but was more attended to in frontal views; and the zygomatic protrusion is better visible in threequarter views, but was more attended to in profile). The positioning of gaze on the infraorbital areas might play a role for the specific sex categorization task so that the fixations might be considered a 'perspective anchoring' which directs the more dimorphic internal region of the face into parafoveal vision. However, the present results do not reject the possibility of holistic processing that is unspecific to the perceptual task.
Interestingly, the COG was intensively attended in frontal view but gradually less attended as the head turned, and the least attended in profile view, where the COG did not correspond to the center of the face or to any dimorphic part. A possible explanation for this finding is that the head volume or outline is not used by the visual system to compute its COG, but rather another conceptualization of COG may be employed. Previous eye monitoring research, in object recognition tasks, has shown that the observers' gaze often lands near a COG of the luminance distribution in the display, instead of individual elements (e.g., Findlay, 1982; Kowler & Blaser, 1995; McGowan, Kowler, Sharma, & Chubb 1998) . Specifically, when the stimuli are 3-D objects casting shadows (comparable to our photographic face stimuli) the COG of gaze has been shown to be biased towards the informative parts (Vishwanath & Kowler, 2004) . It has also been shown that the tendency to fixate on the COG is much less marked on tasks allowing for more voluntary saccadic movements (Findlay & Blythe, 2009; He & Kowler, 1991) like the task in the present experiment. Considering that earlier studies have shown that low spatial frequency information is sufficient for the sex categorization task (Abdi et al., 1995; Schyns et al., 2002; Valentin et al., 1997) it seems consistent to conclude that in the present study, fixations were directed to a gravity point that provided the best sampling of the internal regions of the face within foveal/parafoveal vision.
The weighting of a central point of gravity towards a position between the nose and the eye might also be understood as an optimal viewing strategy that brings the smaller parts (e.g. the eye) into the highest focus; while at the same time larger informative parts (e.g. the nose) can be viewed parafoveally. This is in line with the findings of Schyns et al. (2002) that the nose was more diagnostic in coarser frequency scales, and the eye in finer scales. Since the mean fixation position within the eye area in all views was underneath the eye itself and fixation on the brows, previously shown to be more diagnostic than eyes (Brown & Perrett, 1993; Campbell, Benson, Wallace, Doesbergh, & Coleman, 1999; Campbell, Wallace, & Benson, 1996; Sadr, Jarudi, & Sinha, 2003) were absent, it is unlikely that the mean fixation position in the present study corresponds to the maximal informational nexus or diagnostic trait of faces. In fact, what is emerging from the present research is that the locus of eye fixations might generalize over tasks (cf. Carmel & Bentin, 2002; Deaner & Platt, 2003; Grosbras et al., 2005; Hsiao & Cottrell, 2008; Kingstone et al., 2004; Schyns, Jentzsch, Johnson, Schweinberger, & Gosselin, 2003; Smith, Gosselin, & Schyns, 2004) and that task-dependent effects will be revealed as subtle displacements from a central, general, anchoring point.
Intuitively, the eyes, in particular the contrast between the white sclera and the colored iris, provide a very salient low-level visual cue that could be used to pilot the initial ballistic eye movement towards the face (cf. Brunelli & Poggio, 1993; Langton, Watt, & Bruce, 2000) . In other words, the eyes may form a horizontal meridian that facilitates alignment of the facial image to internal templates, thus constituting a highly informative point for the recognition of the face and, perhaps, other perceptual judgments to faces. Indeed, we observed a rather uniform distribution of attention towards the eye region regardless of the view, even though it would seem intuitive that the eyes would be less informative in a profile view where most of its shape is occluded and only one eye is visible. Additionally, the social significance of gaze should also be considered a possible explanation for the eye bias. Previous research has shown that direct gaze leads to longer RTs in a sex categorization task, especially for faces of opposite sex from the observer (Vuilleumier, George, Lister, Armony, & Driver, 2005) . This could indicate that a social aspect is interfering with the task, especially in frontally viewed faces where the gaze is more direct. Eye-tracking studies of monkeys have shown that gaze dwells on pictures of other monkeys' faces longer than on other objects or scenes, and that the eye region receives most of their fixations (e.g. Guo, Mahmoodi, Robertson, & Young, 2006; Guo, Robertson, Mahmoodi, Tadmor, & Young, 2003) .
One should also add that categorization performance was higher for the intermediate view than the other views. The superiority of this particular view seems well accounted for by the fact that both the shape and size of the nose are optimally visible in this view (Chronicle et al., 1995) and that the size and gradient of curvature of the eyes and cheekbones are also easily appreciated. Thus a strategy of anchoring fixations infraorbitally, between the nose, the eye and the cheek, might be rather optimal for sex categorization and perhaps for other face perception tasks as well (e.g. identification; cf. Laeng & Caviness, 2001; Laeng & Rouw, 2001 ).
The present findings also indicated that female and male participants used slightly different strategies, because females preferably attended towards the eyes, whereas males displaced their attention more towards a lower central location of the face. This may show that both strategies are useful, since males and females solved the task with the same accuracy and speed. We surmise that males use a more global gaze strategy than females. This might be understood in terms of gender specific experiences. However, females have been found to have greater interest in social aspects than males (Kaplan, 1978) and this could be linked to feminine gender schemata (Bem, 1981) which often involve interest in the ''people dimension" (Lippa, 1998) . The models' gaze could be interpreted by the female observer as a social aspect (Vuilleumier et al., 2005) . The present finding could therefore be understood as a social mechanism external to the specific task demands. Future studies may clarify whether the two sexes do use gaze in strategically different ways.
Compared to some other eye-tracking studies on face perception, our findings did not reveal any marked preference for either the left or right side of the face (Butler et al., 2005; Leonards & Scott-Samuel, 2005) or for the left eye (Vinette et al., 2004) . One possibility is that this null finding indicates that for a sex categorization task the right side of the face is as equally important as the left side of the face. Alternatively, since eye-tracking studies with face stimuli (including the present one) have used rather small sets of faces, random variations between faces might have caused spurious asymmetries. However, Butler et al. (2005) used a sex categorization task and found a left-sided bias despite the fact that their stimuli consisted of chimeric faces where the left and right side of each face were identical. Another possibility is that individuals largely differ in their perceptual biases in facial inspection and, consequently, that a specific directional bias might not be a particularly robust effect.
Finally, the present experiment suggested that an a priori parsing of the face might give a rather incomplete understanding of the eye's scan paths during a perceptual task, since parsing strongly depends upon an arbitrarily chosen number, size and shape of the segments, though if the parsing is sufficiently fine-grained, such a method might still be functional.
